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1. 

AMIBIENT LED LIGHTING SYSTEMAND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. provisional 
application Ser. No. 61/054,967 filed on May 21, 2008, which 
is hereby incorporated by reference in its entirety. 

BACKGROUND 

1. Technical Field 
One or more embodiments of the present invention gener 

ally relate to ambient light emitting diode (LED) system in a 
vehicle. 

2. Background Art 
Conventional automotive ambiance lighting systems 

include a central controller that is electrically coupled to a 
plurality of LED lighting modules. The LED lighting mod 
ules may be positioned in various Zones of the vehicle. Such 
Zones may correspond to various interior and/or exterior posi 
tions of the vehicle. Each LED lighting module usually 
includes three or four different colored LEDs. Such colored 
LEDs include red, green, and blue (RGB). In some cases, 
white colored LEDs may be implemented along with the 
RGBLEDS. 
The central controller includes a plurality of output drivers 

for driving the colored LEDs. The output drivers may gener 
ate pulse width modulated (PWM) signals and drive the col 
ored LEDs at different PWM duty cycles to create different 
colors and intensities. For example, the central controller may 
drive the red, green, and blue LEDs with the same PWM duty 
cycle to produce white light. In yet another example, a purple 
color may be achieved by driving each of the red and blue 
LEDs at different PWM duty cycles. As noted above, some 
LED configurations may include a dedicated white colored 
LED as opposed to driving the red, green and blue colored 
LED arrangements at equal duty cycles to generate the color 
white. Current automotive ambient lighting systems gener 
ally couple a single wire between each output driver that is 
positioned in the central controller and each colored LED 
positioned in a lighting module. A ground or return circuit is 
generally coupled between the central controller and all of the 
LED lighting modules positioned in a particular Zone of the 
vehicle. As such, each LED lighting module may be con 
nected to the central controller via 4 or 5 circuits. The cost of 
the system is primarily dominated by the cost of the electrical 
wires (e.g., cut leads) and any Such wire splices needed to 
electrical couple the cut leads. Efforts at reducing electrical 
wires and wire splices needed to electrically couple the cut 
leads are gaining more attention by Vehicle manufacturers to 
reduce overall cost. 

SUMMARY 

In at least one embodiment, an ambient lighting system 
comprising a lighting module and a controller is provided. 
The lighting module is configured to drive a light emitting 
device (LED) arrangement to display a desired ambient color 
in response to a lighting control signal and to transmit a 
lighting status signal providing diagnostic information for 
one of the lighting module and the LED arrangement. The 
controller is configured to transmit the lighting control signal 
including first digital data indicative of the desired ambient 
color and a feed signal for powering the lighting module on a 
bi-directional data communication bus between the controller 
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2 
and the lighting module. The controller is further configured 
to receive the lighting status signal on the bi-directional data 
communication bus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts an ambient lighting system of a vehicle; 
FIG. 2 depicts an ambient lighting system in accordance to 

one embodiment of the present invention; 
FIG. 3 depicts a circuit that may exhibit electromagnetic 

interference (EMI); and 
FIG. 4 depicts a more detailed ambient lighting system of 

that shown in FIG. 2. 

DETAILED DESCRIPTION 

As required, detailed embodiments of the present invention 
are disclosed herein; however, it is to be understood that the 
disclosed embodiments are merely exemplary of the inven 
tion that may be embodied in various and alternative forms. 
The figures are not necessarily to scale; some features may be 
exaggerated or minimized to show details of particular com 
ponents. Therefore, specific structural and functional details 
disclosed herein are not to be interpreted as limiting, but 
merely as a representative basis for the claims and/or as a 
representative basis for teaching one skilled in the art to 
variously employ the present invention. 
The embodiments of the present invention as set forth in 

one or more of the figures generally illustrate and describe a 
plurality of controllers (or modules), or other such electrically 
based components for use in a ambient LED lighting system 
of a vehicle. All references to the various controllers and 
electrically based components and the functionality provided 
for each, are not intended to be limited to encompassing only 
what is illustrated and described herein. While particular 
labels may be assigned to the various controllers and/or elec 
trical components disclosed. Such labels are not intended to 
limit the scope of operation for the controllers and/or the 
electrical components. The controllers and/or modules may 
be combined with each other and/or separated in any manner 
based on the particular type of electrical architecture that is 
desired or intended to be implemented in the vehicle. It is 
generally recognized that all controllers and/or modules dis 
closed herein may include, but not limited to, any number of 
microprocessors, ASICs, ICs, memory devices (e.g., FLASH. 
ROM, RAM, EPROM and/or EEPROM), and software which 
co-act with one another to perform the various functions set 
below. 

Referring now to FIG. 1, an ambient lighting system 10 of 
a vehicle is shown. The system 10 includes a central control 
ler 12 and a plurality of lighting modules 14a-14n, 16a-16n, 
and 18a-18n. The lighting modules 14a-14n, 16a-16n, and 
18a-18n are positioned about various Zones 1a-1n, 2a-2n, and 
Aa-Nn in the vehicle. One or more of the Zones 1a-1n, 2a-2n, 
and Aa-Nn may be positioned within interior or about exterior 
portions of the vehicle. Such Zones may correspond to a 
center console, an instrument panel, and/oran interior section 
of a vehicle door. The Zones may include any section of the 
vehicle on which ambient lighting is capable of being posi 
tioned on. The lighting modules 14a-14n may be positioned 
in Zones 1a-1n, the lighting modules 16a-16n may be posi 
tioned in Zones 2a-2n, and the lighting modules 18a-18n may 
be positioned in Zones Aa-Nn. The central controller 12 
includes a control circuit 19. The control circuit 19 includes a 
plurality of bus interfaces 20a, 22a, and 24a. The control 
circuit 19 may include a microcontroller, Application Spe 
cific Integrated Circuit (ASIC), or other such circuit recog 
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nized to control a function or feature electronically. The bus 
interface 20a, 22a and 24a may be positioned within the 
control circuit 19 or exterior to the control circuit 19. 
The lighting modules 14a-14n, 16a-16n, and 18a-18n 

include a control circuit 26a-26n, 28a-28n, and 30a-30n, 
respectively. The control circuits 26a-26n, 28a-28n, and 30a 
30m include a bus interface 20b-20m, 22b-22n, and 24b-24m, 
respectively. In general, the bus interfaces may facilitate bi 
directional data communication with a single wire between 
the central controller 12 and the lighting modules 14a-14n. 
16a-16n, and 18a-18n via a local interconnect network (LIN) 
or other Such single wire or multi-wire data communication 
bus generally situated to facilitate data communication 
between controllers and/or modules in a vehicle. The particu 
lar type of data communication bus implemented may vary 
based on the desired criteria of a particular implementation. 
The bus interface 20a is electrically coupled to the interfaces 
20b and 20m to facilitate data communication between the 
central controller 12 and the lighting modules 14a-14n in 
Zones 1a-1n. In a similar manner, the bus interface 22a is 
electrically coupled to the interfaces 22b-22n to facilitate data 
communication between the central controller 12 and the 
lighting modules 16a-16m in Zones 2a-2n. Likewise, the bus 
interface 24a is electrically coupled to the interfaces 24b-24n 
to facilitate data communication between the central control 
ler 12 and the lighting modules 18a-18n in Zones Aa-Nn. 
The lighting modules 14a-14n, 16a-16n, and 18a-18n 

include LED arrangements 32a-32n, 34a-34n, and 36a-36n, 
respectively. The LED arrangements 32a-32n, 34a-34n, and 
36a-36n may include either three or four LED arrangements. 
As noted above, red, blue, and green LED arrangements may 
be controlled to provide the white color, or a dedicated white 
color LED may be added to provide the color white. 
The central controller 12 may provide a power connection 

(e.g., POWER) for the lighting modules 14a-14n, 16a-16n, 
and 18a-18m located in the Zones 1a-1n, 2a-2n, and Aa-Nn, 
respectively. It is generally contemplated that the central con 
troller 12 may include power conditioning circuitry (not 
shown) for conditioning the power generated therefrom. 
Switches 38 may be positioned on an instrument panel in the 
vehicle or other suitable area in the vehicle for electrically 
communicating with the central controller 12 to allow occu 
pants in the vehicle to select a desired ambient lighting color 
and intensity. 

In operation, an occupant may select a desired color and 
intensity via the switches 38. The switches 38 transmit a light 
control signal to the central controller 12 which is generally 
indicative of the desired color and intensity for any particular 
Zone 1a-1n, 2a-2n, and Aa-Nn. The switches 38 may be 
implemented as a hardwired based analog or digital Switch or 
as a field that is selectable via a display device which trans 
mits digital data over a communication bus to the central 
controller 12. In the event, the switch 38 is coupled to another 
controller in the vehicle (e.g., not to the central controller 12), 
the controller may transmit the desired light and intensity 
from the switch 38 over the communication bus to the central 
controller 12. The control circuit 19 generates and transmits 
lighting control signals over any one or more of the bus 
interfaces 20a, 22a, and 24a that is indicative of the desired 
color and intensity selected by the occupant to one or more of 
the bus interfaces 20b, 20n, 22b. 22n, 24b, and 24n. The 
lighting control signals are in the form of time coded digital 
data. The control circuit 19 may include up to three current 
drivers (not shown) that are each operably coupled to the bus 
interfaces 20a, 22a, and 24.a for generating and transmitting 
the time coded digital data. The lighting control signals gen 
erally correspond to the desired color and intensity selected 
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4 
by the occupant for a particular Zone 1a-1n, 2a-2n, and Aa-Nn 
and are transmitted from any one or more of the bus interfaces 
20a, 22a, and 24a. 
The bus interfaces 20b-20n; 22b-22n; and/or 24b-24n 

receives the lighting control signals whereby the control cir 
cuits 26a-26n; 28a-28n; and/or 30a-30n decode the lighting 
control signals and drive the LED arrangements 32a, 32n: 
34a-34n; and 36a-36m via pulse width modulated (PWM) or 
controlled current based signals to achieve the desired color 
and intensity. 

Referring now to FIG. 2, an ambient lighting system 150 in 
accordance to one embodiment of the present invention is 
shown. The central controller 12 generally includes a plural 
ity of bus interfaces 103, 105, 107. The bus interfaces 103, 
105,107 differ from the bus interfaces 20a, 22a, 24a as shown 
in connection with the system 10. For example, the lighting 
control signal as discussed in connection with system 10 
comprise digital data in the form of a low Voltage signal that 
is transmitted to the lighting modules 14a-14n, 16a-16n, and 
18a-18n. In contrast, the bus interfaces 103,105,107 receive 
a constant or varying high Voltage signal (or feed signal) from 
a power supply (not shown) within the control circuit 19. A 
wave generator (not shown) transposes digital data onto the 
high Voltage signals so that the control circuit 19 generates the 
lighting control signals. In such a case, the lighting control 
signals generated by the bus interfaces 103,105,107, respec 
tively, each include the high Voltage signal and digital data. As 
shown, the bus interface 103 is electrically coupled to the 
lighting modules 14a-14n via a first single wire data commu 
nication bus 212; the bus interface 105 is electrically coupled 
to the lighting modules 16a-16m via a second single wire data 
communication bus 214; and the bus interface 107 is electri 
cally coupled to the lighting modules 18a-18n via a third 
single wire data communication bus 216. The bus interfaces 
103, 105, 107 transmit the lighting control signals to the 
lighting modules 14a-14n, 16a-16n, and 18a-18m, respec 
tively, on the single wire data communication buses 212, 214. 
and 216, respectively, whereby the digital data is decoded to 
obtain the desired color and intensity and the high Voltage 
signal is used to power the lighting modules 14a-14n, 16a 
16n, and 18a-18n. The system 150 as illustrated may elimi 
nate the need for a dedicated power connection from the 
central controller 12 to the lighting modules 14a-14n, 16a 
16n, and 18a-18n (e.g., see FIG. 1, each lighting module 
14a-14n, 16a-16n, and 18a-18n requires a dedicated power 
connection). By transposing digital data onto the high Voltage 
signal. Such a condition generally reduces the number of cut 
leads needed to provide an ambient lighting system. 
The control circuits 26a-26n, 28a-28n and 30a-30n may 

include bus interfaces 203a–203n, 205a-205n and 207a 
207 n., respectively. The bus interfaces 203a-203n, 205a 
205n, and 207a-207n receive the lighting control signals from 
the bus interfaces 103, 105, 107, respectively. The control 
circuits 26a-26n, 28a-28n and 30a-30n may include power 
supplies 156a-156n, 158a-158m and 160a-160n. The bus 
interfaces 203a-203n, 205a-205n and 207a-207m provide the 
power feed that is transposed on the lighting control signals to 
the power supplies 156a-156n, 158a-158m and 160a-160n, 
respectively. While transposing high Voltage on the lighting 
control signal may facilitate the removal of cut leads, Such a 
condition may cause electromagnetic interference (EMI) 
from the communication bus wires 212, 214, and 216. In 
general, the high Voltage signal may be between 5 and 16 
Volts. Each single wire data communication bus 212, 214, and 
216 is generally adapted to operate between 5 and 16 volts. 

FIG. 3 provides a circuit 250 which illustrates the manner 
in which EMI may be created by transposing digital data on 
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the high voltage signal. The circuit 250 generally includes a 
bus interface 251, a diode 252, and a capacitor 254. The diode 
252 is operably coupled to the bus interface 251. The capaci 
tor 254 is operably coupled to the diode 252 and is charged 
while data is being transmitted on the bus (e.g., single wire 
communication bus). 
The voltage across the capacitor 254 is used to power the 

lighting modules 14a-14n, 16a-16n, and 18a-18n. In the 
event the low Voltage digital data is transposed on the constant 
high Voltage signal on the lighting control signal as noted with 
the system 150, such a signal passes through the diode 252 
whereby a larger di/dt can be generated through the commu 
nication bus between the bus interface 251 and the diode 252 
due to the large amount of voltage amplitude variation that is 
present across the capacitor 254. The large di/dt through the 
communication bus may yield electromagnetic interference 
which may interfere with the operation of other vehicle elec 
tronic systems. 

To reduce the occurrence of EMI caused by transposing the 
digital data on the high Voltage signal, each bus interface 103. 
105, 107, 203,205, and 207 may include additional circuitry 
as depicted in FIG. 4. For example, each bus interface 103. 
105, and 107 in the central controller 12 may include a wave 
generator 102, a comparator 106, and a power supply 108. In 
addition, the bus interfaces 203, 205, and 207 in the lighting 
modules 14, 16, 18, respectively, may each include a wave 
generator 202, a Voltage regulator (and multiplier) 204, a 
comparator 206, and a power supply 208. 
The circuitry in FIG. 4 enables a bi-directional bus imple 

mentation in which the central controller 12 is capable of 
transmitting the lighting control signals to the lighting mod 
ules 14, 16, 18 and the lighting modules 14, 16, 18 are capable 
of transmitting lighting status signals (e.g., digital data and 
high Voltage) over the single wire bus back to the central 
controller 12. The operations of transmitting the lighting con 
trol signal and lighting status signals will be described 
directly below in reference to the central controller 12 and the 
lighting module 14 (e.g., 14a-14n). It is generally understood, 
however, that any operations performed between the central 
controller 12 and the lighting module 14 may also apply 
between the central controller 12 and the lighting module 16 
(e.g., 16a-16n); and the central controller 12 and the lighting 
module 18 (e.g., 18a-18m). 

In operation, a microcontroller (or other Suitable circuit) 
within the control circuit 19 transmits digital data to the wave 
generator 102. The wave generator 102 transposes digital data 
onto the high Voltage signal to generate the lighting control 
signal. In Such a case, the lighting control signal generated by 
each bus interface 103 includes the high voltage signal and 
digital data. The bus interface 103 transmits the lighting con 
trol signals to the bus interface 203 over the single wire data 
communication bus 212. 
The Voltage regulator 204 is configured to remove data 

from the lighting control signal and to allow the high Voltage 
signal to pass to the power Supply 156 for powering the power 
supply 156. In one example, the voltage regulator 204 may be 
implemented as a peak clipper and provide a constant Voltage 
to the control circuit 26. The voltage regulator 204 may assist 
in enabling the bus interface 203 to provide high current loads 
while minimizing EMI by maintaining a low di/dt. The volt 
age regulator 204 may include a multiplier for boosting the 
Voltage in the event the Voltage received in the lighting control 
signal is below a predetermined threshold. Such a condition 
may ensure that the power Supply 156 receives adequate 
Voltage in moments in which bus Voltage is low. 
The comparator 206 reads the digital data from the lighting 

control signal and compares such data to a reference Voltage 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
provided by the power supply 208 to decode the digital data. 
If the digital data is greater than the reference Voltage, then the 
comparator 206 outputs logic “1”. If the digital data is less 
than the reference voltage, then the comparator 206 outputs 
logic “0”. The output of the comparator 206 is fed to abus data 
input of a microprocessor 75 (or other suitable circuit) in the 
control circuit 26. While not noted above in reference to the 
control circuits 28 and 30, it is recognized that such control 
circuits 28 and 30 may also include a microcontroller (or 
other Suitable circuit) for receiving an output from the com 
parator. The control circuit 26 outputs a corresponding PWM 
(or controlled current) signal based on the output of the com 
parator 206 to drive the LED arrangement 32 to achieve the 
particular type of color and intensity desired by the user. 
To transmit the lighting status signal from the lighting 

modules 14 to the central controller 12, the wave generator 
202 receives the digital data from a bus data output of the 
microprocessor 75 and transposes such data onto the high 
Voltage signal to generate the lighting status signal. In gen 
eral, when the central controller 19 is not sending data on the 
bus 212, the central controller maintains the bus voltage to a 
level that is Substantially similar to the high Voltage signal to 
continuously power the lighting module 14. As such, for the 
lighting module 14 to put data on the bus 212, the data from 
the bus interface 203 is also transposed on the high voltage 
signal provided by the bus interface 103. The digital data in 
this case may include diagnostic information (or other Suit 
able information) corresponding to, but not limited to, the 
status of the LEDs 34 (e.g., burned out, etc.) or wiring faults 
that may be preset for points in the circuit between the central 
controller 12, the lighting module 14, and the LEDs 34. The 
bus interface 203 transmits the lighting status signal to the bus 
interface 103 over the single wire data communication bus 
212. The comparator 106 reads the digital data from the 
lighting status signal and compares such data to a reference 
voltage provided by the power supply 108. If the digital data 
is greater than the reference voltage, then the comparator 106 
outputs logic “1”. If the digital data is less than the reference 
voltage, then the comparator 106 outputs logic “0”. The out 
put is fed to an input of the microprocessor (or other suitable 
circuit) where the digital data can be processed to flag lighting 
module or wiring faults in the system. 

While embodiments of the present invention have been 
illustrated and described, it is not intended that these embodi 
ments illustrate and describe all possible forms of the inven 
tion. Rather, the words used in the specification are words of 
description rather than limitation, and it is understood that 
various changes may be made without departing from the 
spirit and scope of the invention. 
What is claimed: 
1. An ambient lighting system comprising: 
a lighting module configured to drive a light emitting 

device (LED) arrangement to display a desired ambient 
color in response to a lighting control signal and to 
transmit a lighting status signal providing diagnostic 
information for at least one of the lighting module and 
the LED arrangement; 

a controller configured to: 
transmit the lighting control signal including first digital 

data indicative of the desired ambient color and a feed 
signal for powering the lighting module on a bi-direc 
tional data communication bus between the controller 
and the lighting module; and 

receive the lighting status signal on the bi-directional 
data communication bus; 

wherein the lighting module comprises a comparator con 
figured to receive the first digital data and to compare the 
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first digital data to a predetermined Voltage reference to 
decode the first digital data. 

2. The system of claim 1 wherein the bi-directional data 
communication bus is comprised of a single wire. 

3. The system of claim 1 wherein the lighting status signal 
includes second digital data indicative of the diagnostic infor 
mation. 

4. The system of claim 3 wherein the controller comprises 
a comparator configured to receive the second digital data and 
to compare the second digital data to a predetermined Voltage 
reference to decode the second digital data. 

5. The system of claim 1 wherein the feed signal provides 
a voltage of between 5 and 16 volts. 

6. A device in a vehicle ambient lighting system that 
includes a controller configured to transmit lighting control 
signal including first digital data indicative of a desired ambi 
ent color and a feed signal for powering the lighting module 
and to receive a lighting status signal, the device comprising: 

a lighting module configured to: 
drive a light emitting device (LED) arrangement to dis 

play the desired ambient color in response to receiv 
ing the lighting control signal on a single wire data 
communication bus from the central controller; and 

transmit a lighting status signal providing diagnostic 
information for at least one of the lighting module and 
the LED arrangement on the single wire data commu 
nication bus to the central controller; 

wherein the lighting module comprises a comparator con 
figured to receive the first digital data and to compare the 
first digital data to a predetermined Voltage reference to 
decode the first digital data. 

7. The device of claim 6 wherein the lighting module 
comprises a voltage regulator configured to separate the feed 
signal from the first digital data on the lighting control signal 
and to provide a substantially constant voltage with the feed 
signal Such that the lighting module is powered therefrom. 

8. The device of claim 6 wherein the feed signal provides a 
voltage of between 5 and 16 volts. 

9. The device of claim 6 wherein the lighting status signal 
includes second digital data indicative of the diagnostic infor 
mation. 
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10. The device of claim 9 wherein the controller comprises 

a comparator configured to receive the second digital data and 
to compare the second digital data to a predetermined Voltage 
reference to decode the second digital data. 

11. An ambient lighting device in a vehicle system that 
includes a controller configured to transmit a lighting control 
signal including first digital data indicative of a desired ambi 
ent color selected by a user, the device comprising: 

a lighting module configured to drive a light emitting 
device (LED) arrangement to display the desired ambi 
ent color in response to receiving the lighting control 
signal on a single wire data communication bus from the 
central controller; 

the lighting module comprising: 
a Voltage regulator configured to separate a feed signal 

from the first digital data on the lighting control signal 
such that the lighting module is powered from the feed 
signal; and 

a comparator configured to receive the first digital data 
and to compare the first digital data to a predeter 
mined voltage reference to decode the first digital 
data. 

12. The device of claim 11 wherein the lighting module is 
further configured to transmit a lighting status signal indica 
tive of diagnostic information for at least one of the lighting 
module and the LED arrangement. 

13. The device of claim 12 wherein the lighting module is 
further configured to transmit the lighting status signal on the 
single wire data communication bus to the central controller. 

14. The device of claim 12 wherein the lighting status 
signal comprises second digital data indicative of the diag 
nostic information. 

15. The device of claim 14 wherein the central controller 
comprises a comparator configured to receive the second 
digital data and to compare the second digital data to a pre 
determined Voltage reference to decode the second digital 
data. 


